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When viable suspensions  of lymphoid cells from genetically dissimilar,  but normal, 
animals of inbred strains of mice, rats, or hamsters were mixed in vitro and inoculated 
into the integument of irradiated Syrian hamsters, they provoked violent cutaneous 
reactions (1). The intensity of these reactions paralleled the degree of histoincompati- 
bility of the cellular partners in the mixture. Numerous criteria have strengthened the 
belief that cutaneous reactivity measures the degree of responses elicited by the recog- 
nition of transplantation antigens by immunologically competent cells (2). 
Since the chief cellular  component of cutaneous reactions were polymorphonudear 
(PMN)  cells and since  the intensity of skin reactions depended on the number of 
PMN  x  cells available in the bamgter hosts (2), granulocytes appeared to play a decisive 
role in the demonstration of antigenic recognition in the  "irradiated h~mster test" 
system. 
It was postulated that cellular interactions taking place at intracutaneous sites led 
to the formation of a  product with granulotactic activity. Subsequent  experiments 
have revealed the validity of this hypothesis. Following  in vitro cultivation of sus- 
pensions of lymphoid cells of genetically disparate origin, a granulotactic factor could 
be demonstrated in the culture fluid  (3, 4). Whereas 10 times concentrated culture 
fluids  harvested following  cultivation of lymphoid cells  from genetically dissimilar 
animals provoked cutaneous reactions in the sking of irradiated or normal hamsters, 
those  harvested  following  cultivation  of lymphoid cells  from genetically  identical 
animals failed to do so. Again, these reactions were characterized by marked accumu- 
lations of PMN cells. Trypsinization of skin reactions afforded a possibility of esti- 
mating quantitatively the number of PMN cells which had accumulated. This number 
gave a  measure of the amount of product elaborated. 
In the present report,  recognition of heterologous red cell antigens  and  of 
homologous transplantation  antigens by lymphoid cells from mice and rats is 
described.  Evidence is presented supporting  the contention  that  the  activity 
* These investigations were supported by grants 3887 and 5199.3 from the Swiss National 
Foundation for Scientific Research. 
1  Abbreviations used in paper: PAR,  product  of antigenic recognition; PMN,  polymor- 
phonuclear; SRBC, sheep erythrocytes. 
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measured is a  product of an  immunological recognition process. Elaboration of 
this  activity depends  on  a  number  of  nonimmunological  factors,  which  were 
also investigated. 
MATERIALS  AND  METHODS 
Animals.--Syrlan hamsters (strain MHA), rats (strains DA and Lewis), and mice (strains 
A, C57BL/6, and CBA) belonged to domestically maintained, isogenic sublines. From these, 
FI hybrid populations were raised according to need. In some experiments rats of the non- 
inbred Osborne-Mendel strain were used. 
Suspensions of Dissociated Viable Lymphoid  Cdle.--These were prepared  according to a 
standard procedure (5) from lymph nodes, spleens,  or thymi, using tissue culture medium 199 
(Baltimore Biological Laboratory,  Baltimore,  Md.)  or Hanks BSS  (General Biochemieals, 
Chagrin Falls, Ohio).  Penicillin (100  IU)  and  streptomycin  (50 ~g/ml) were added  to the 
media. Heat-inactivated calf serum (5%) was used to supplement media in some experiments, 
but for the most part, media without serum were used. Lymphoid cells were washed twice at 
130 g for 8  rain and counted conventioflslly under phase contrast.  Cell viability was esti- 
mated by the ability to exclude a supravital stain (trypan blue). 
Cocultiva~ion of Hi~toincompalible and Histocompalible Lymphoid  Ce//s.--This procedure 
involved the addition of 0.5 nfl of a suspension of 20 X  106/ml of viable lymphoid cells from 
one cell partner and 0.5 ml of a similar suspension from the other cell partner to 4 ml of medium 
without serum in 60 ×  15 ram Falcon plastic tissue culture dishes.  Following gentle mixing, 
dishes were incubated at 37°C in a humid atmosphere of 95% air and 5% CO2. Control his- 
tocompatible lymphoid cell populations were prepared  in exactly the same manner,  except 
that 1 ml of a suspension of 20 X  10S/ml lymphoid cells was added to 4 ml of medium. Ani- 
mals from which cells were taken for cocultivation were always matched for sex. 
Produc~ of Antigenic Rccognil~m.--PAR  was harvested as culture supernatants. These were 
centrifuged at 450 g for I0 min to sediment occasional suspended cells. Cell-free supernatants 
were lyophilized and stored, if necessary, under vacuum at 4°C. For reconstitution, one or 
the other of the following procedures was used, with equal success. 
i. Samples were resuspended in ~'~0 the original volume, using phosphate-buffered physi- 
ological saline (pH 7.2), and were then subjected to dialysis against 0.06 M phosphate buffer, 
pH 7.9, for I  hr at 4°C. During dialysis the reconstituted culture medium formed a whitish 
precipitate, Which could easily be resuspended  or packed  by centrlfugation  (I0 rain at 800 
g). The sediment was found to contain the entire activity (4). It was washed once with 0.06 
M phosphate brier, pH 7.9, centrifuged for 10 rain at 800 g, resuspended in 0.06 M phosphate 
buffer, mixed, and used for inoculation. 
2. Samples were resuspended  in  one-fifth the  original volume, using  0.06  M phosphate 
buffer (pH 7~9), and were allowed to stand  at 4°C for 1 hr. The spontaneously forming pre- 
dpitate was packed by centrifugation for I0 min at 800 g, washed once in 0.06 ~r phosphate 
buffer (pH 7.9), centrifuged, and finally resuspended in ~o the original volume with the same 
buffer.  After thorough mixing, samples were used  to inoculate hamsters. 
Qua~ita~e Demonstration of PAR.--For this, an in vivo test was used. Normal hamsters 
of the MX-IA  strain, weighing 100-150  g, of either sex, were inoculated intracutaneously with 
test samples prepared as described above. Samples were injected in a volume of 0.1 ml through 
28 gauge hypodermic needles, using 0.25 ml glass syringes, into the dose-clipped skin of the HANSRUEDY  RAMSEIER  1281 
hamsters' trunks. Each host received 16-20 samples placed into fields of a grid painted on its 
back. No fewer then four hamsters were used for a given experiment, and care was taken to 
randomize the various experimental and control samples on the fields available. The original 
5 ml of culture supernatant  from each dish, concentrated to 0.5 ml by lyophili~-stion  and 
reconstitution, were used to provide four doses of 0.1 mi. Again, the injection of these repli- 
cates was randomized. For injections, hamsters were anesthetized with chloral hydrate. When 
recovered, they had full access to food and water. 
Approximately 24 hr after inoculation of samples, the hamster hosts were killed with ether 
and the cutaneous reactions were excised. Three of the four replicates of a given sample were 
collected in small glass Petri dishes containing 1 ml of Hanks' BSS to which 5% heat-inac- 
tivated calf serum had been added. Skin pieces carrying cutaneous reactions were of approxi- 
mately equal size,  the mean diameter being about  1 cm. They were cut with scissors  into 
fragments as fine as possible, which then were washed into 100 ml Erlenmeyer flasks with 9 
ml of 0.25% trypsin  (Difco) in Hanks' buffered saline solution (BSS). Tryps'mization of the 
fragments was done at room temperature by very gentle agitation with the help of glass beads 
and Teflon-coated magnetic stirring rods. 
To evaluate the number of polymorphonuclear ceils which had accumulated in cutaneous 
reactions, samples were removed with leukocyte pipettes 3, 6, and 9 mill after trypsinization 
had been started. Samples were diluted 10-fold by means of 2% acetic acid, and the number 
of PMN nuclei was counted in phase contrast hemocytometers. The values obtained from 
multiple counts were averaged, and  the result was used to determine the number of PMN 
cells present in each cutaneous reaction. 
Correction of Cell Counls.--The  process of elaboration of PAR was controlled by separate 
cultivation of twice the number of each cell type of the cells present in cell mixtures. To cor- 
rect the results obtained for PAR, the average number of PMN cells present at both control 
cutaneous reaction sites was subtracted from the experimental counts. 
Sensitization of Animals  to Transplantation Antigens.--Seusitization  was effected by uni- 
lateral orthotopic skin grafts (5). 
Tolerance of Transplantation Antigens.--Tolerance  was induced in mice by intraveneous in- 
jection within 24 hr of birth of 10 X  10  e (for CBA animals tolerant of A) or 20 X  106 (for CBA 
animals tolerant of C57BL/6) spleen cells from animals of the corresponding FI hybrid crosses. 
Injected animals were challenged with skin grafts of the strain against whose antigens they 
were putatively tolerant when about  10 wk old.  Only individuals that  bore healthy skin 
homogralts with luxurious fur crops for 70-467 days postoperatively were used as tolerant 
donors. 
Suspensions of Sheep Red Blood Cdls.--SRBC were  partially freed  from contaminating 
leukocytes by filtration through columns of cotton wool For this, cotton wool was packed into 
glass tubes (11 X  140 ram) open at both ends, to form a column about 9 cm long. Columus 
were washed  several  times with distilled water and with Alsever's solution. 4 nd of a stock 
solution of blood preserved in Alsever's sohtion were allowed to run through one column. 
The blood was washed  through the column with about 16 ml of Alsever's solution. This vol- 
ume of diluted blood was then filtered through a new column, which was then also washed with 
about 10 ml of Alsever's solution. This procedure resulted in a ratio of red cells to white cells 
of about 3X  104:1. 
Immunization of CBA Mice to Sheep Red Blood Ce//s.--Leukocyte-impoverished suspensions 
(in phosphate-buffered physiological saline) of 2 X  108 or 4 X  108 SRBC were injected either 
intravenously or intraperitoneally into mice 4 or 5 days before use. 1282  ANTIGENIC RECOGNITION. I 
Saponin Lysis of Sheep Red Blood Cells.--5 volumes of 1:2000 saponin (in distilled water) 
were added to 1 volume of packed SRBC. The resulting suspension of red cells was centrifuged 
for 8 rain at 50 g, and the sediment, containing high numbers of leukocytes, was discarded. 
The supematant was centrifuged for 10 rain at 5000 g, and the sediment was saved. Following 
a second centrifugation of the supematant,  both sediments were pooled, and treatment with 
saponin was repeated until the supematant contained no visible hemoglobin. 
Inhibitots of Glycolysis and Protein Synthes/s.--Potassium  cyanide was obtained from 
Merck AG., Darmstadt,  Germany, and 2,4-dinitrophenol from Fluka AG., Buchs, Switzer- 
land.  Iodoacetate  (sodium salt), DL-p-fluorophenylalanine, and puromycin dihydrochloride 
were products of Sigma Chemical Co., St. Louis, Mo. All reagents were dissolved in Hanks' 
BSS to the concentration desired. 
Trea#ment of Lymphoid Cells with Inh'@~rrs.--This was carded  out with suspensions of 
20 X l06 cells/ml of Hanks' BSS at 37°C for 30 rain under a moist atmosphere of 95% air- 
5% CO~. Control cells were subjected to the same treatment  and at the same cell concentra- 
tion, except that inhibitors were absent from Hanks' BSS. 
RESULTS 
Comparative  Study:  Recognition  of  Transplantation  Antigens  and  of Sheep 
Red Blood Cell Antigens by Normal and Immunized CBA Mouse Spleen Cells.- 
Spleen cells from normal CBA mice and from CBA mice sensitized to trans- 
plantation antigens of the C57BL/6 mouse strain by skin homografted 15 days 
earlier were cultivated with  C57BL/6  spleen  ceils for 7  hr.  Likewise,  spleen 
cells from normal CBA mice and from CBA mice immunized to SRBC  were 
cultivated for the same period of time with SRBC  or with SRBC  stromata. 
Testing of the Culture fluids,  as described under Materials and Methods,  for 
the presence of a product of antigenic recognition (PAR)  revealed the results 
summarized in Table I. These show that recognition of antigens by lymphoid 
cells from both normal and specifically prdmmunized mice took place. 
While  testing of the mutual recognition of histocompafibility antigens  was 
performed on  the  basis  of equal  numbers  of  cells,  that  of SRBC  employed 
different numbers of antigen-bearing target cells.  Several observations on the 
recognition  of  red  cell  antigens  deserve  comment.  First,  the  procedure  of 
purifying suspensions of SRBC from contaminating nucleated cells improved 
the  chances  that  primarily  red  cell  antigens  would  be  recognized.  Second, 
higher amounts of PAR were formed when cells from preimmunized mice were 
used  in  comparison to similar numbers  of lymphoid cells from normal mice. 
Third,  the amount of PAR formed depended significantly on the dose of an- 
tigen available. Reduction of the number of target cells by one-half also reduced 
the  amount  of PAR  discernible  by  about  one-half.  Fourth,  replacement  of 
SRBC with SRBC stromata led to the elaboration of higher amounts of PAR 
for spleen cells from both normal and specifically preimmunized mice. Although 
definitive proof is lacking,  it is not unlikely that  the considerably decreased 
specific weight  of blood  cell  ghosts  led  them  to  display  stronger  Brownian 
motion, which might have resulted in more intimate contact with recognizing HANSRUEDY  RAMSEIER  1283 
spleen cells.  Also, ghosts may have more antigenic determinants exposed per 
cell than do unlysed red cells. 
Immunological Basis of Recognition of Transplantation Antigens.--To study 
the immunological basis of the recognition process, experiments were set up in 
which immunologically competent lymphoid cells from lymph nodes and spleen. 
were exposed to immunologically incompetent target cells.  To obtain incom- 
petent cells,  use was made of the fact that F1 hybrid lymphoid cells are for 
genetic reasons unable to react against antigens of either parental strain. Rat 
TABLE I 
Recognition of Mouse  Transplantation  Antigens  and  of Sheep  Red Blood  Cell Antigens  by 
Spleen Cells from Normal and from Preimmunized  CBA Mice 
No. of  PAR 
re-  (X 101 PMN cells/  Cells cocultivated and PAR obtained from  actions  skin reaction) 
tested  (a- s,~) 
Normal CBA mice 
10X  106 CBA spleen cells +  10X  10s C57BL/6 spleen cells  33  3.16  q- 0.22 
10 X  106 CBA spleen cells -F 100 X  106 SRBC  36  2.76  4- 0.34 
10 X 106 CBA spleen cells -F 50 X 10  # SRBC  24  1.17 +  0.24 
10 X 106 CBA spleen cells -F 50 X 106 SRBC ghosts  24  3.40 +  0.20 
Immunized CBA mice 
10 X 10  e CBA spleen cells +  10 X 106 C57BL/6 spleen cells  24  3.63  4- 0.13 
10X 106 CBA spleen cells +  100X 106 SRBC  36  4.12  4- 0.42 
10 X 106 CBA spleen cells +  50 X 106 SRBC  24  2.51-4- 0.31 
10X 106 CBA spleen cells +  50 X 10e SRBC ghosts  24  4.17  4- 0.35 
thymus cells, which completely or almost completely lack immunocompetence 
(6), formed another source. Finally, lymphoid cells from animals made specifi- 
cally tolerant toward transplantation antigens proved most convenient as target 
cells in certain experiments. 
Two series of experiments were performed. In the first, various combinations 
of rat cells were tested for their ability to form PAR following cocultivation of 
histoincompatible cells for 4 hr at 37°C in H,nks' BSS. Table II lists the rat cell 
mixtures cultivated and the degree of antigenic recognition observed. Three im- 
munological reaction types were revealed. In the first, both cell mixture partners 
were immunologically competent but,  in addition,  carried histocompatibllity 
antigens characteristic for the strain from which they were derived. It is to be 
assumed that during the in vitro cultivation a mutual recognition of transplan- 
tation antigens occurred. The reaction was therefore an immunological two-way 
reaction. Under the conditions employed in these experiments, particularly with 
reference to the short period of cocultivation (4 hr), these interactions resulted 
in the formation of high amounts of PAR. 
The second reaction type was characterized by the lack of immunological 1284  ANTIGENIC  I~ECOGNITION.  I 
competence of one of the  cell mixture partners;  this,  however,  provided the 
other  partner with a recognizable target  of transplantation antigens. In such 
mixtures, the reaction must be considered to be unilateral or one-way. Several 
possible combinations of cells fulfilling this criterion are set out in Table II; the 
type of aggressor cell is listed on the left and the type of target cell on the right. 
In comparison with immunological two-way reactions, cellular interactions of 
the one-way type gave rise to smaller amounts of PAR. 
In view of the foregoing, the third type of immunological reaction should be 
called "zero-way" reactions. Such reactions were obtained by cultivation of cell 
TABLE II 
Immunological Basis of gal PAR 
No. of  PAR 
Reac-  skin re- (X lOe PMN cells/ 
Cells cocultivated and PAR obtained from  tion  actions  skin reaction) 
type  tested  (-4- sz) 
DA node cells -b Lewis node cells  2-way  24  4.69  -4- 0.43 
DA node cells -b (Lewis X DA) F1 node cells  1-way  24  3.15  -4- 0.45 
DA node cells -[- (Lewis X DA)F1 thymocytes  1-way  11  1.76  -b 0.28 
DA node cells -k Lewis thymocytes  1-way  24  2.72  -4- 0.16 
Lewis node cells -b (Lewis X DA) Fx node cells  1-way  45  2.34  4- 0.18 
Lewis node cells q- (Lewis X DA) F1 thymocytes  1-way  8  2.33  4- 0.0 
Lewis node cells q- DA thymocytes  1-way  15  1.76  4- 0.26 
(Lewis X DA) F 1  node cells q- Osborne-Mendel  thymocytes  1-way  24  2.55  4- 0.30 
DA thymocytes +  Lewis thymocytes  0-way  38  0.02  4- 0.01 
(Lewis X DA) Fx node cells +  DA thymoeytes  0-way  27  0.02  4- 0.02 
(Lewis X DA) F1 node cells -I- Lewis thymocytes  0-way  27  0.20  4- 0.11 
DA thymocytes +  (Lewis X DA) F1 thymoeytes  0-way  8  0.30  4- 0.0 
Lewis thymocytes -k (Lewis X DA) F1 thymocytes  0-way  8  0.30  -4- 0.0 
mixtures in which neither partner was immunologically competent. Several ex- 
amples of zero-way reactions are listed in Table II, and it will be noticed that 
none resulted in the formation of PAR. 
The second series of experiments made use of lymphoid cells of mouse origin 
(Table III). In general, the results confirmed those of the experiments on rats, 
although the various mixtures of lymphoid cells (from spleens and nodes) em- 
ployed in the studies with mouse ceils were cultivated for 7 hr rather than 4 hr 
under otherwise identical conditions. 
Cell mixtures  representing immunological  two-  or  one-way  reactions uni- 
formly elaborated PAR. Among the results shown in Table III, those obtained 
when one of the cell mixture partners consisted of cells from specifically tolerant 
mice are of particular interest. 
Cultivation of cells from strain A mice with cells from CBA mice tolerant of A 
antigens (reaction 6) or of ceils from C57BL/6 mice with cells from CBA mice HANSRUEDY  RAMSEIER  1285 
tolerant of C57BL/6 antigens (reaction 7) resulted in the elaboration of PAR, 
since  in  these  combinations  tolerant  cells were  target  cells for A  cells  and 
C57BL/6 cells, respectively. The reactions were therefore of the one-way vari- 
ety. In sharp contrast to this,  cultivation of lymphoid cells from specifically 
tolerant mice with cells representing the paralytogen did not lead to formation 
of PAR (reactions 12 and 13).  Clearly, these reactions must have been of the 
zero-way variety. 
The exposure of lymphoid cells from tolerant mice to similar cells of a third 
TABLE III 
Immunological Basis of Mouse PAR 
Lymphoid cells cocultivated and PAR 
obtained from 
No. of  PAR 
Reac-  Reaction  skin  (X ,10~ PMN cells/ 
tion  reac-  skin reaction)  No.  type  tions 
tested  (-4- sic) 
CBA q- C57BL/6 
CBA -I-  A 
CBA q- (A X C57BL/6) F~ 
CBA q- (CBA X C5?BL/6) FI 
CBA q- (A X CBA) FI 
A +  CBA tolerant of A 
C57BL/6 -]- CBA tolerant of C57BL/6 
CBA tolerant of A +  (CBA X C57BL/6) FI 
CBA tolerant of A q- (A X C57BL/6) F1 
CBA tolerant of C57BL/6 "k (A X CBA) F1 
CBA tolerant of C57BL/6 -k (A X 
C57BL/6) F1 
CBA tolerant of A -k (A X CBA) F1 
CBA tolerant of C57BL/6 -b (CBA X 
C57BL/6) F1 
1  2-way  6  4.67  4- 0.0 
2  2-way  12  2.31  -t- 0.14 
3  2-way  6  4.13  -4- 1.00 
4  1-way  12  4.00  -4-  0.76 
5  1-way  30  3.58  4-  0.30 
6  1-way  12  4.61  4-  0.34 
7  1-way  12  2.97  4- 0.18 
8  "l-way" *  24  2.69  -4- 0.16 
9  2-way  12  3.02  4. 0.66 
10  "l-way" *  12  4.48  4. 0.37 
11  2-way  12  3.50  4-  0.23 
12  0-way  24  0.12  .4-  0.08 
13  0-way  12  0.04  4.  0.0 
* One-way only if possible reaction of lymphoid cells from FI hybrids against tolerance- 
maintaining cells in CBA chimeras is neglected. 
mouse strain (reactions 8-11) represents a somewhat more complicated immu- 
nological situation. These experiments were carried out, however, to stress the 
fact that lymphoid cells from tolerant animals are perfectly capable of reacting 
against transplantation antigens of unrelated strains. Reactions 9 and 11 consti- 
tute bona fide immunological two-way reactions, since both partners were com- 
petent to react and both carried different sets of histocompatibility antigens. 
For reactions 8 and 10, the situation is complicated by the fact that tolerant 
animals are in all likelihood cellular chimeras. They therefore contain additional 
populations of A and C57BL/6 cells, respectively, against which Fx hybrid cells 
of an unrelated strain could react. Lacking knowledge of the actual number of 
tolerance-maintaining cells,  but considering it to be small,  one may consider 
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Some Nonimmunological  Parameters Influencing Recognition of Transplanta- 
tion Antigens.-- 
Culture vessds: Formation of PAR by the interaction  of histoincompatible 
lymphoid cells might be expected to be highly susceptible not only to  culture 
conditions, but particularly to spatial arrangements of reacting cell partners and 
to the surface of c~ture vessels. Therefore attention was given to these parame- 
ters. 
TABLE IV 
Influence of Culture Vessd on the Formation of PAR by Node CeUs  from CBA and C57BL/6 Mice 
PAR 
No. oi skin  (X 10' PMN cells/ 
Type of culture vessel  reactions tested  skin reaction) 
(± s~) 
Falcon tissue culture dishes  13  2.80  4- 0.30 
Falcon tissue culture tubes  8  1.64  -4- 0.63 
Glass Petri dishes  10  0  -4- 0 
TABLE V 
Influence of Medium on the Formation of PAR by Lymphoid Cells from DA and Lewis Rats 
Cultivation medium 
No. of skin  PAR  (X 10o PMN" cells/ 
reactions  skin reaction) 
tested  (+ sz) 
Medium 199"  73 
Hanks' BSS  93 
Phosphate-buffered  physiological  saline +  0.2% glucose  24 
Phosphate-buffered physiological saline  25 
3.19  4- 0.36 
3.92  4- 0.26 
3.50  ±  0.28 
0-4-0 
* 5% heat-inactivated calf serum was present in the medium used to prepare suspensions 
of dissociated lymphoid cells. 
Node cells from CBA and C57BL/6 mice were allowed to interact  for 48 hr 
in tissue culture medium 199 in 60 X  15 mm Falcon plastic tissue culture dishes, 
in 16  X  115 mm Falcon tissue culture tubes, or in ordinate glass Petri dishes 
(60 X  15 ram). In all instances, cells were cultivated in 5 ml of medium. The 
results listed in Table IV demonstrate that, whereas cell mixtures cultured in 
Falcon dishes formed PAR, those in Falcon tubes elaborated considerably less 
activity. No activity at all was found when cells were cultivated in glass dishes. 
Although Falcon dishes constituted very satisfactory culture vessels, their use 
caused problems at times. Over the course of this work it was noted that when 
relatively factory-fresh dishes were employed, cell mixtures failed to elaborate 
PAR, most probably because these dishes contained residues of the sterilizing 
procedure. Dishes stored for some weeks gave uniformly satisfactory results. 
Medium: Spleen or node cells from DA and Lewis rats were kept singly or in HA.NSRUEDY  RAMSEIER  1287 
mixture for 4 hr in the various media indicated in Table V. The results show 
that Hank¢' BSS was as satisfactory a medium for the elaboration of PAR as 
was the much more complicated medium 199. Obviously, the addition of 5 % 
heat-inactivated calf serum to the medium used to prepare suspensions of dis- 
sociated lymphoid cells provided no discernible advantage for the formation of 
PAR. That the elaboration of PAR could take place in a very simple medium is 
illustrated by the results obtained after cultivation of DA and Lewis lymphoid 
cells in glucose-enriched saline. However, no PAR could be demonstrated in the 
supernatants of mixed rat lymphoid cells in glucose-free saline. Clearly, then, a 
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Fro. 1. Formation of PAR by spleen cells from DA and Lewis rats coctdtivated for 4 hr 
at 37°C in Hanks' BSS with and without 2,4-dinitrophenol (DNP) or potassium cyanide. 
source of energy appears to be the strongest single nonimmunological factor 
determining whether or not PAR will be formed during the interaction of histo- 
incompatible, immunologically competent cells. 
Inhibition of energy-providing processes: From the foregoing it might be ex- 
pected that  inhibitors of metabolic processes would interfere with  antigenic 
recognition. Inhibitors of glycolysis, such  as  2,4-dinitrophenol or potassium 
cyanide, were incorporated into Hanks' BSS used to cultivate mixtures of DA 
and Lewis spleen cells for 4 hr. The results shown in Fig. 1 indicate that partial 
or complete prevention of antigenic recognition occurred, depending on the con- 
centration of the inhibitor used. 
Since experiments of this type did not provide information as to the cell 
partner whose function is inhibited, cell mixtures of the one-way type were em- 
ployed. Before setting up cultures and incubating them for 7 hr in Hanks' BSS, 
aggressor or target cells were treated in Hanks' BSS containing inhibitors and 
then were washed  three times in  the same medium without inhibitors.  The 1288  ANTIGENIC  P,.ECOGNITIOIW.  I 
results presented in Fig. 2 demonstrate that treatment of DA aggressor cells 
with potassium cyanide, 2,4-dlnltrophenol,  or iodoacetate (each  at  10  -3  ~) 
reduced their capacity to induce formation of PAR upon contact with Lewis 
isoantigens presented by (Lewis X DA)F1 target spleen ceils. In contrast, treat- 
ment of the target cell with any of the three inhibitors tested had no harmful 
effect on the recognition process. Although there was marked fluctuation, par- 
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FIG. 2.  Effect on antigenic recognition of pretreatment of DA rat aggressor spleen cells 
or of (Lewis  X  DA) Ft rat target spleen cells with 10  "8 xr potassium cyanide, with  10  -8 
2,4-dinitropbenol (DNP),  or with 10  "~ v  iodoacetate before their cocultivation for 7 hr at 
370C in Hanks' BSS. 
ticularly with iodoacetate-treated hybrid cells, the results indicated that expo- 
sure of target cells to these inhibitors tended to improve the recognition process. 
Inh~tion of protein synthesis: Experiments similar in design to those employ- 
ing inhlbitors  of energy-providing  processes were conducted to study the in- 
fluence of inhlbitors of protein synthesis on recognition. The addition of actino- 
mycin D  in concentrations  of 1 or 10 t~g/ml to the culture medium (Hanks' 
BSS) completely blocked the mutual recognition of transplantation antigens of 
DA and Lewis spleen cells in immunological two-way reactions. The results are 
subject to criticism, however. The antibiotic could not be removed quantita- 
tively from the cellular interaction product and therefore  was present at the 
skin test site. For the following reason, it may well have interfered locally with H.ANSRUEDY  RAMSEIER  1289 
the accumulation of PMN cells. After cultivation of spleen cells from DA and 
Lewis rats in medium free of inhibitors,  I/,g/nil of actinomycin  D was added to 
the harvested culture medium, which was then processed as usual.  Compared 
to the values for PAR obtained under standard conditions,  this concentration 
of actinomycin  D reduced the number of PMN ceils per site to about one-half. 
Experiments were therefore  carried out, in which aggressor and target ceils 
were first subjected separately to treatments with inhibitors of protein synthesis 
and washed three times in medium free of inhibitors,  and then were coculti- 
rated. Puromycin (5/~g/ml)  and Dl.-p-fluorophenylalanine (500 ~g/ml) were 
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FIG. 3.  Effect on antigenic recognition of pretreatment  of DA rat  aggressor spleen cells 
or of (Lewis X  DA) Fl rat target spleen cells with puromycin (5/~g/ml) or with p-fluoro- 
phenylalanine (PFP)  (500 ~g/ml) before their cocultivation for 7 hr at 37°C in Hanks' BSS. 
used  to  inhibit synthetic processes  in  the  recognition  of Lewis  isoantigens 
[offered as (Lewis X  DA)F1 spleen cells] by DA spleen cells. Both treated and 
untreated cells were cultivated mixed or singly for 7 hr. The results (Fig. 3) 
suggest that the inhibition of protein synthesis severely diminished the recogni- 
tion process. 
DISCUSSION 
Introduction of an antigen into immunologically experienced or inexperienced 
animals leads to a number of highly complex events (7-15), of which recognition 
of the antigen is without doubt the most basic. The results obtained in this and 
earlier studies (3, 4) have demonstrated that this fundamental process can be 
made to reveal itself under very simple in vitro culture conditions. It appears 1290  ANTIGENIC  RECOGNITION.  I 
that  the  only nonimmunological parameters  of importance  are  a  source  of 
energy and a suitable culture vessel. When these are provided, lymphoid cells of 
rat and mouse, and also of hamster (3),  will, upon exposure to cells carrying 
recognizably alien antigens, elaborate a  product capable of attracting PMN 
hamster cells  at the site of intracutaneous injection. All  available  evidence 
points to the conclusion that this factor is a product of antigenic recognition. 
Several lines of evidence support this conclusion. It has already been shown 
(4) that the amount of PAR formed mirrors the strength of histoincompatibility 
of cellular partners in mixed cultures. Thus greater amounts of PAR were elabo- 
rated when lymphoid cells from mouse strains differing with respect  to the 
strong H-2 locus were cocultivated, as compared to similar cells from strains 
differing only at non-H-2 loci. These results also drew attention to the fact that 
the method employed permitted the demonstration of rather weak antigenic 
differences, such as those controlled by the Y locus. 
Lymphoid cells from specifically immunized animals or, more importantly, 
from normal animals are well equipped to recognize not only histocompatibility 
antigens but also those presented to them by red cells of heterologous origin. 
Demonstration of recognition of antigens of the latter nature is of some impor- 
tauce, because it adds credence to the wide applicability of the test system. All 
antigens used so far, however, have been of a  particulate nature,  and it is 
not known at present whether recognition of soluble antigens can be successfully 
demonstrated. 
The process leading to the formation of PAR has a  sound immunological 
basis. PAR was demonstrable whenever ceil mixtures were set up in which both 
partners  were  immunologically competent  and  at  the  same  time possessed 
different sets of histocompatibility antigens. Discernible amounts of PAR were 
also present following cultivation of cell mixtures in which only one of the 
partners was immunocompetent, provided that histocompatibility differences 
existed between the cell partners. 
Mere histoincompatibility of cell partners, however, did not afford a basis for 
the elaboration of PAR. Thus, neither the cocultivation of thymocytes of the 
strongly incompatible rat strains DA and Lewis (16, 17) nor that of thymocytes 
from one of these strains with node cells from (Lewis X  DA)F1 hybrid animals 
gave rise to the formation of PAR. It might be argued that prolonged cultiva- 
tion of thymocytes from the incompatible DA  and Lewis rat  strains might 
eventually have led to the formation of PAR. However, culture fluids from mix- 
tures of this cell combination lacked activity even when cells were allowed to 
interact for 8 hr instead of 4 hr. Clearly, then, elaboration of PAR was inti- 
mately correlated with the ability to recognize foreignness. Thus it is not sur- 
prising that heat-killed aggressor cells were incapable of recognizing antigens 
on target cells in immunological one-way reactions (4). HANSRU:EDY  RAMSEIER  1291 
Perhaps the best argument for the view that PAR formation must be an im- 
munological  process  comes from the use of lymphoid cells from mice made 
specifically tolerant. The observation  that lymphoid cells from two types of 
tolerant animals (CBA tolerant of A, and CBA tolerant of C57BL/6) failed 
to recognize the paralytogen constitutes strong evidence that PAR  is formed 
only when immunologically  competent cells are exposed  to antigens which 
they are able to recognize as foreign. For this reason,  cells from these  same 
tolerant animals were perfectly able to react against transplantation antigens 
present on cells of a third mouse strain. 
The dynamics of PAR formation deserves  comment.  It has already  been 
shown that the formation of PAR is a surprisingly fast process (3, 4).  In cell 
mixtures of the immunological two-way variety, maximal amounts of PAR were 
found after only 4 hr of cocultivation.  Mixtures of rat cells (Table  II) were 
cultivated for this period of time. Under these conditions, the average amount 
of PAR formed in immunological one-way reactions was roughly 50% of that 
observed in the two-way reaction. However, this is not a valid comparison, be- 
cause the kinetic mechanisms of PAR formation in these two reaction mixtures 
are not the same  2 and also probably differ for any two types of cultivated cells. 
In general, the peak response of immunological one-way reactions is reached 
only after a cultivation period of 7-8 hr. As illustrated in Table III, employment 
of this cultivation time blurs the previously  marked difference between two-way 
and one-way reaction mixtures. 
Similar reflections apply to quantitative differences in the amount of PAR 
formed by specifically presensitized  as compared to normal lymphoid cells. Al- 
though the problem is currently being investigated, it might very well turn out 
that the kinetic mechanisms of interaction of presensitized  and normal cells 
with a given target are very different. 
A strong case has been made for the view that normal lymphocyte transfer 
reactions  are the outward signs of a recognition  event (18, 19). An important 
conclusion regarding  the first step of such reactions  is that it does not depend 
on cell division (18). Although no attempts have been made to test whether or 
not mixed cells divide,  the fact that peak responses of PAR elaboration were 
found after incubation periods of 4-8 hr, and in media that would hardly allow 
cell division, strongly argues against proliferation. 
The capacity of various inhibitors of glycolysis and of protein synthesis to 
interfere with antigenic recognition is of interest. These results not only indicate 
that the process depends on active metabolism but also provide supplementary 
information about the mechanism of the recognition process. While the results 
on the immunogenetic basis of the response pointed to the cell type which, in 
immunological one-way reactions, must be the partner endowed with recogniz- 
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ing ability, the results with inhibitors proved it.  All inhibitors used had an 
effect only when applied to the aggressor cell; when the target cell was treated, 
no inhibition was observed. It is thus clear that the target cell provides ready- 
made isoantigens and that no metabolic process is needed to make them avail- 
able. On the other hand, to recognize antigenic foreignness obviously involves 
a metabolic effort. It may be added that experiments of this kind were only 
possible because formation of PAR reached peak values within a short cultiva- 
tion time. The results would also indicate that the damage inflicted upon recog- 
nizing cells was not repaired during the cultivation period employed. 
The numerous similarities of this system and that known as the mixed leuko- 
cyte reaction are unmistakable. They include, among several other parameters, 
the important fact that both are recognition phenomena of normal lymphoid 
cells  resting  on  an  immunological basis  (20-24).  The  question  then  arises 
whether there are significant differences between the responses on which the 
mixed leukocyte reaction and PAR formation are based. One difference relates 
to the fact that in mixed leukocyte reactions the response appears to measure 
chiefly strong histocompatibility differences (23), whereas that in PAR forma- 
tion distinguishes weak incompatibilities (3, 4).  The most critical difference, 
however, is the time parameter. While responses in the mixed leukocyte reac- 
tion are discernible only after several days of cocultivation (20, 23, 25, 26), the 
promptness of PAR formation puts the process of antigenic recognition closer 
to the origin of the immune event. Obviously, some form of recognition of for- 
eignness appears to precede the response of antigen-induced lymphocyte pro- 
liferation. 
SUMMARY 
Lymphoid cells from normal animals from two genetically alien but isogenic 
strains of mice or rats elaborated a factor into the medium during in vitro culti- 
vation. Similarly, lymphoid cells from specifically presensitized animals mixed 
and cultivated with donor-type lymphoid cells, as well as normal or specifically 
immunized mouse spleen cells exposed to heterologous red blood cell antigens, 
formed this factor. Culture supernatants of genetically identical lymphoid cells 
lacked activity. 
This factor was measured by its ability to induce accumulations of polymor- 
phonuclear  cells  following injection into  the  skin  of normal  hamster hosts. 
Gentle trypsifiization of excised 24 hr cutaneous reactions permitted quantita- 
tive estimation of the number of polymorphonuclear cells  accumulated and, 
therefore, of the activity of the factor. 
The factor present in culture fluids could be defined as a product of antigenic 
recognition (PAR).  PAR was formed only when immunologicaUy competent 
cells were exposed to cells carrying histocompatibility antigens of recognizable 
foreignness.  This  view  was  based  chiefly on  the  observation  that,  whereas H.ANSRUEDY  RA~SF.IER  1293 
lymphoid cells from specifically tolerant mice failed to recognize the  paralyto- 
gen, they did recognize antigens of an unrelated mouse strain. In addition, im- 
munocompetence was of paramount importance, since cocultivation of immuno- 
logically incompetent, yet strongly incompatible, rat thymocytes did not result 
in the formation of PAR. 
Formation of PAR was observed in very simple media. A source of energy 
and a suitable culture vessel were found to be the only essential nonimmunologi- 
cal factors for PAR to be elaborated. The presence of inhibitors of glycolysis in 
the medium during cultivation of mixtures of immunocompetent ceils of dis- 
parate origin severely inhibited the recognition process. With cell mixtures of 
the immunological one-way variety, treatment of aggressor cells with inhibitors 
of  glycolysis  or  of  protein  synthesis  interfered  with  antigenic  recognition, 
whereas similar treatments of the target cells were without effect. 
The findings presented sustain the thesis that  the elaboration of PAR is a 
very early event in the immune process. 
I wish to thank Professor J. Lindenmann for many helpful discussions and for  critical 
evaluation of this manuscript, and Miss M. Leuenberger and Miss R. Keller for expert tech- 
nical assistance. 
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